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(71) We, THOMSON-CSF, a French 
Body Corporate, of 173, Boulevard 
Haussmann, 75008 Paris — France, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention relates to an 
10 omnidirectional antenna and in particular to 
an antenna which is omnidirectional in the 
bearing plane and whose radiating diagram 
or pattern in the elevation plane may exhibit 
a predetermined directivity. 
15 Such antennas are used, inter alia, in the 
field of electromagnetic detection and also 
in that of telecommunications. 

Omnidirectional antennas are known and 
particular mention may be made of those 
20 termed "discone" antennas, which consist 
chiefly of two conical reflectors whose 
apices are turned towards one another and 
which are fed through these very apices. 
A discone antenna which 
y- 25 is omnidirectional in bearing has a diagram 
I whose directivity in the elevation plane is 

related to the size of the radiating aperture 
in this plane, and if a radiation diagram 
having small side lobes is required in the 
30 elevation plane, it is necessary for the 
pattern of illumination to show a small 
phase error. This is explained by the fact 
that, if the radiation diagram in elevation is 
to be very narrow, it is necessary for the 
35 radiating aperture to be very large, which 
results in phase errors in the field 
distribution across the aperture and causes 
the side lobes to increase again. 
Thus, the error in phase may be reduced 
40 provided the radiating aperture is reduced 
by making the angle of the cones of the 
antenna smaller, but in this case the 
reduction in phase error is only achieved at 
the cost of an increase in the length of the 
45 discone. The result is a substantial increase 
in the physical size of the discone and this 
has a disadvantageous effect on the weight 
and bulk of the antenna. 



An object of the invention is to provide an 
antenna of the discone kind which does not 50 
suffer from the restrictions pointed out 
above. 

According to the invention, there is 
provided an omnidirectional antenna 
comprising two truncated metal cones 55 
whose apices face each other and a 
waveguide feeding the said antenna 
between the said apices, two discs of 
dielectric material of predetermined width 
and of similarly predetermined thickness 60 
arranged parallel to the bases of the said 
truncated cones and at a predetermined 
distance from their respective apices, thus 
altering the conditions under which energy 
is propagated in the part of the antenna 65 
situated between the discs as compared with 
the part of the antenna outside the said discs 
so as to obtain in operation of the antenna a 
reduction in the phase difference between 
the central part of the radiating aperture of 70 
the said antenna and its edges. 

The invention will now be described in 
greater details with reference to the 
accompanying drawings in , which: 

Fig. 1, is a perspective view of one 75 
embodiment of an antenna according to the 
invention, 

Fig. 2, is a diagrammatic view of a 
conventional discone antenna and of the 
discone part of the antenna according to the 80 
invention, which is smaller in size, 

Fig. 3, is a schematic plan view of an 
antenna according to the invention, 

Fig. 4, is a diagram of the phase law 
across the aperture of the antenna of Fig. 1 , 85 

Fig. 5, is a view of the radiation diagrams 
of an antenna according to the invention 
and of a conventional discone antenna, and 

Fig. 6, is a graph showing the width of the 
diagram in elevation as a function of the 90 
ratio between the length of the discs and the 
wavelength. 

Fig. 1 shows one embodiment of an 
omnidirectional antenna according to the 
invention. It comprises two truncated metal 95 
cones I and 2 which are attached to a 
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waveguide 3 of circular cross-section which though with the dielectric discs omitted 

forms the feed guide and which is closed off from the Figure, to show the substantial 

at one end by a short-circuit CC. The difference which there is in the size of the 

intersections between the truncated cones 1 cones. 

5 and 2 and the waveguide 3 are at two cross- As regards the operation of this antenna, 70 

sectional planes 4 and 5 which are spaced it may be mentioned that the correction of 

apart and between which extends a or compensation for the phase errors in the 

considerable length of the guide 3. Two radiating aperture derives from the 

discs 6 and 7 of dielectric material are difference which exists between the 

10 attached to the truncated cones 1 and 2 at propagation of waves in a conventional 75 

the points where these cross-sectional discone antenna and the propagation of 

planes 4 and 5 are situated so that the bases waves in the case of the invention in the part 

of the truncated cones and the surfaces of of such an antenna which is still present and 

the discs of dielectric material are parallel between the discs of dielectric material. 

1 5 and lie perpendicular to the feed waveguide If reference is made to Fig. 2, in which the 80 

3. The part 8 of the feed waveguide contains discs of dielectric material are not shown, it 

an array of equidistant slots of which only is possible to determine the difference in 

three, 9, 10, and 11, can be seen in the phase which exits between a central beam 

Figure. Rl and a beam R2 which is propagated 

20 In the view shown in Fig. 1, these slots are towards one extremity of the radiating 85 

parallel to the axis of the guide 3. Their aperture, such as, for example, point A. 

orientation may however be different and This phase shift may be expressed, in the 

the slots may be vertical, horizontal or absense of the additional discs of dielectric 

oblique, depending on whether the material, as, 
25 polarisation of the wave which is used is 

horizontal, vertical or circular. The mode of 2n Sin fl 1 a 

excitation would also change, being TMOl a = 90 

in the case of the Figure and TEOl in the * x 2 
case of vertical polarisation. 

30 In the embodiment shown in Fig. 1, where where fa is the angle which beam R2 forms 

the slots are vertical, the antenna, being with the'centre axis OX, A 0 is the operating 

formed as just described, radiates with wavelength, and a'is the size of the radiating 

straight horizontal polarisation in bearing aperture. Also shown in the Figure is the 

and the guide 3 is fed in the radial TMOl angle <x y which the edge of one cone of the 95 

35 mode, the slots being coupled to the guide antenna forms with respect to the centre 

by means of radial stubs 12 situated beside axis OX. In general, angle is larger than 

each slot. angle x* t and where angle a, is larger than 

In Fig. 3, which is a diagrammatic view of 30<\ the phase of the illumination across the 

the antenna of Fig. 1, an angle a is shown radiating aperture AB shows a substantial 100 

40 which is formed by a generatrix of a cone 1 variation between the centre of the aperture 

which is part of the antenna concerned, with an d the edge. In the case of the elevation 

the surface of the associated dielectric disc diagram, this results in a unidirectivity 

6. This angle is generally made smaller than which is less than that expected and which 

or at most equal to 45°. If there were no can be expressed as 105 
45 discs 6 and 7 of dielectric material, the 

antenna, as is shown diagrammatically in 70 A„ 

Fig. 2, would then be formed solely by 0= 

truncated metal cones 100 and 200 and would a 

have large side-lobes (outline IV in Fig. 5). To in degrees. 

50 restrict the size of the side-lobes it would be The addition to a conventional discone 

necessary to reduce the angle a to a value antenna of the discs of dielectric material 6 

less than or at most equal to 20°. If this were and 7 does in fact enable this directivity to 1 10 

the case the length of the antenna as be altered so that it tends towards that 

measured across the diameter of the base expected. 

55 surface of a truncated cone would then be The diagram in Fig. 3 of an embodiment 

considered and would be of the order of at of an antenna according to the invention 

least three times the size of the diameter of will enable the phase difference which exists 1 15 

the base of a similar truncated cone as between beams Rl and R2 in the new 

shown in Fig. 1. The angle a y of such a cone configuration to be established. 

60 is shown in Fig. 2, as also is the size of the As in the previous Figure, beam Rl is a 

conventional antenna, the cones extending central beam which is propagated along axis 

out to points A, and and At 2 and B 2 . In OX, while beam R2 is propagated through 120 

Fig. 2 the cones 1 and 2 (having bases AA' the disc in the space between the cones of 

and BB') of an antenna produced in the antenna to an edge A, for example, of 

65 accordance with the invention are shown, the radiating aperture. 
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The beam R2, which strikes the disc 6, for 
example at an angle of incidence such that it 
is able to pass through the dielectric disc 
without being affected, is subject to a phase 
lag similar to that to which it would be 
subject under similar conditions in a discone 
antenna without dielectric discs. Beam Rl 
on the other hand, whose angle of incidence 
is small, is almost totally reflected by the 
dielectric and its propagation is channelled 
between the two discs. Because of this it 
becomes subject to a phase lag as compared 
with beam Rl in the configuration of Fig. 2. 

This phase lag may be assessed as a 
function of the length L of the discs by 
assuming that the distance between the 
discs is of the order of a wavelength, i.e. A Q . 

The phase lag is expressed by: 



A/=2*L (- 



1 



1 



-) 



20 where A gJ the guided wavelength, is 
determined by 



x 3 « 



2X0 



whence 



A 4 '=2*L (- 



2nL 



1 vr 



2A 0 



-) 



-) 



It will be recalled that the phase 
" difference across the radiating aperture AB 
is: 

2n ' * 

A,= 



which represents the angular extent of the 40 
diagram in elevation at -3 decibels where 9 
is expressed in degrees. 

By way of example, if 0-3dB=2O° and 
angle /3=35°, then L is 7.5 A 0 . 

However, tests which have been carried 45 
out have shown that the width L which 
needs to be selected for the discs is smaller 
than that indicated by calculation. 

Fig. 4 shows the phase pattern across the 
aperture. Curve 1 shows this pattern in the 50 
absence of discs, curve II in the presence of 
discs, and curve III shows a means phase 
law which is the resultant of curves I and II. 

Fig. 5 is a diagrammatic view of the 
elevation diagrams obtained with a 55 
conventional discone antenna and with an 
antenna according to the invention. 
Diagram IV, for a normal discone antenna, 
is relatively wide and has large side-lobes 
and is fairly far removed from diagram V, 60 
which is that obtained from a discone 
antenna fitted with discs of dielectric 
material. Diagram V approaches the 
theoretical diagram. 

Fig. 6 is a graph showing the width of the 65 
diagram in elevation (i.e. 0— 3dB) as a 
function of the ratio 



where L is the length of a disc and A 0 the 
wavelength. The dielectric constant e of the 70 
material used for the discs is taken as a 
parameter. From this graph, it can be seen 
that the optimum spacing between the discs 
is between 0.75 and 1.2 A 0 and the thickness 
e of the discs is taken by way of example to 75 
be such that 



I 



e<- 



10 



30 



35 



Sin /} . - 



The length L is selected so as to have 
A,=A/ in order to compensate for the 
difference in phase. 

a sin /5 



2-yr 

By selecting the width of the disc, the 
change in the phase pattern across the 
aperture has be.en minimised and directivity 
conforms to the law: 

70 A 0 
<*-3dB= 



It may also be mentioned in the context of 
the present invention that if the thicknesses 
of the discs are made different this causes 
the line of maximum radiation in the 
elevation diagram to tilt by an amount 
which may be as much as several degrees. 
The tilt takes place towards the disc whose 
thickness is smaller. 

There has thus been described an antenna 
which is omnidirectional in bearing and 
which has a radiation diagram in elevation 
which is variable, narrow and free of side 
lobes. 
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WHAT WE CLAIM IS:— 

1. An omnidirectional antenna 
comprising two truncated metal cones 
whose apices face each other and a 
waveguide feeding the said antenna °5 
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between the said apices, two discs of 
dielectric material of predetermined width 
and of similarly predetermined thickness 
arranged parallel to the bases of the said 

5 truncated cones and at a predetermined 
distance from their respective apices, thus 
altering the conditions under which energy 
is propagated in the part of the antenna 
situated between the discs as compared 

10 with the part of the antenna outside the said 
discs so as to obtain in operation . of the 
antenna a reduction in the phase difference 
between the central part of the radiating 
aperture of the said antenna and its edges. 

15 2. An omnidirectional antenna as claimed 
in claim 1, wherein the spacing between the 
discs is between 0.75 and 1.2 times the 
operating wavelength. 



3. An omnidirectional antenna as claimed 

in claim 1 , wherein the width of each disc is 20 
between 5 and 10 wavelengths. 

4. An omnidirectional antenna as claimed 
in claim 1, wherein there is a difference in 
thickness between the discs whereby the 
line of maximum radiation in the radiation 25 
diagram of the antenna tilts towards the disc 

of smaller thickness. 

5. An omnidirectional antenna 
substantially as hereinbefore described with 
reference to Figures 1 and 3 of the 30 
accompanying drawings. 

BARON & WARREN, 
16, Kensington Square, 
London, W8 5HL, 
Chartered Patent Agents. 
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